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[57] ABSTRACT 

A transient voltage protection circuit includes a normally 
closed switch connected between a recti?er circuit and a DC 
to DC converter. This switch is caused to switch to a current 
limit state when the voltage input to the DC to DC converter 
exceeds a ?rst predetermined value, thereby protecting the 

[22] File/13 SEP- 20, 1994 DC to DC converter from voltages that exceed the convert 

[51] Int. Cl.6 ............................. .. H02M 5/42; HOZH 3/22 6“ °Peraliona1 limits The Switch is returned to its “many 
_ closed state when the voltage rnput to the converter drops 

[52] US. Cl. .............................. .. 363/84, 361/111 . . 
58 F, [d f S h 363/52 53 55 below a second predetermined lower value. A capacitor 

[ 1 1e 0 62226 91 11 ’ 11 connected across the input terminals of the converter is 
’ 7 ’ ’ ’ ’ ’ ’ charged up when the switch is closed and functions to supply 

[56] R f C.t d power to the DC to DC converter when the switch is in its 
8 erences l e current limit state. The current limit state of the switch 

U_S_ PATENT DOCUMENTS comprises the periodic switching of said switch between a 
_ normally closed state and an open state, said switch being 

241ml‘: eta?‘ """""""""""""" " caused to open when the voltage across said capacitor 
5’179’508 1,1993 Luz“ ct ‘ " "" " reaches said ?rst predetermined value and to close when the 

, , ange et a1. ............................ .. 363/16 . . 

voltage across the capacitor drops to said second predeter 
FOREIGN PATENT DOCUMENTS mined lower value. 
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TRANSIENT OVER VOLTAGE PROTECTION 
CIRCUIT FOR ELECTRICAL POWER 

CONVERTERS 

FIELD OF THE INVENTION 

The present invention relates to electrical power convert 
ers, and more particularly to a circuit for enabling continu 
ous power to be output from a power converter when an 
excessively high transient input voltage is coupled to the 
converter. 

BACKGROUND OF THE INVENTION 

Many electronic devices, such as computers and many 
household appliances, require one or more regulated DC 
voltages. The power for such electronic devices is ordinarily 
supplied by power converters that convert an AC line 
voltage into the regulated DC voltages required by the 
devices. A signi?cant portion of the world uses an AC 
voltage standard of either 120 Vrms or 220 Vrrns. A few 
areas set their voltage standard at 240 Vrms. 

Electrical power converters commonly include a recti?er 
circuit which converts the AC line voltage to an unregulated 
DC voltage, also known as a recti?ed line voltage, and a 
DC-to-DC converter for convening this unregulated DC 
voltage into one or more regulated DC output voltages. The 
maximum nominal unregulated DC voltage generated by 
such a recti?er circuit will typically be 340 V to 385 V for 
a 240 Vrms AC voltage input. 

Other power supplies use power factor correction cir 
cuitry instead of a simple recti?er circuit to raise the power 
factor of the unregulated DC voltage and eliminate harmonic 
distortion. Such circuits are often referred to as power factor 
correction (“PFC”) circuits. 
A di?‘iculty with recti?er or PFC circuits is that they allow 

input transient voltages lasting tens of milliseconds and 
having an amplitude of 450 V or more to be produced. For 
example, a transient AC voltage of 317 Vrms lasting 20 ms 
may appear on the input AC line. The resultant recti?ed DC 
voltage that will be supplied to the DC-to-DC converter will 
be dangerously high, approximately 450 V DC. This voltage 
will typically be signi?cantly above the maximum input 
voltage rating for the converter. In known prior art systems, 
in order to prevent such transients from damaging the 
converter, unsophisticated transient energy absorption 
devices are used to blow a fuse. The problem with such 
solutions is that, when the fuse blows, it renders the unit 
inoperable. 
An alternative method for responding to the occurrence of 

a dangerous transient overvoltage condition in a system 
using a PFC circuit would be to disable the PFC circuit until 
the overvoltage condition has subsided. Typical PFC circuits 
have a disable pin that is accessible to a control circuit. 
Unfortunately, if such a disable pin were used, the PFC 
module is forced to go through a start up scenario that could 
take seconds, during which time the power system would 
have collapsed. 

Accordingly, what is needed is some technique to allow 
operation of the converter to continue, not only after the high 
level DC transient voltage pulse has subsided, but also 
during the time the DC transient voltage is being produced 
by the recti?er circuit, without damage to the converter or 
any system components. 
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2 
SUMMARY OF THE INVENTION 

Broadly stated, the present invention comprises an over 
voltage detection circuit that partially opens a normally 
closed switch connected between a recti?er circuit and a 
DC-to-DC converter before the voltage on the input termi 
nals of the DC-to-DC converter exceeds the converter’s 
operational limits, and thereafter enables the switch to return 
to its normally closed state when the level of voltage on the 
input terminals of the o converter drops below a predeter 
mined lower voltage level. A capacitor connected across the 
input terminals of the converter is charged up when the 
switch is closed and functions to supply power to the 
converter when the switch is in this partially open or current 
limit state. 

More speci?cally, in an electrical power converter having 
a recti?er means for converting an input AC voltage to an 
unregulated DC intermediate voltage, said intermediate volt 
age appearing on ?rst and second output terminals of said 
recti?er means, and a DC-to-DC converter for converting 
said unregulated DC intermediate voltage into one or more 
regulated output DC voltages, including ?rst and second 
input terminals, a transient voltage protection circuit accord 
ing to the present invention comprises: a ?rst switch con 
nected in series between one of said ?rst and second output 
terminals of said recti?er means and a corresponding one of 
said ?rst and second input terminals of said converter, said 
?rst switch being in a normally closed state so as to create 
a conductive path between said respective output and input 
terminals; means for electrically coupling the other of said 
?rst and second output terminals to the other of said ?rst and 
second input terminals: a capacitor connected between said 
?rst and second input terminals of said converter; means for 
detecting when the voltage across said capacitor exceeds a 
?rst predetermined value and for causing said ?rst switch to 
switch to a current limit state in response thereto; and means 
for maintaining said ?rst switch in said current limit state 
until the voltage across said capacitor drops below a second 
predetermined value. 

In a preferred embodiment of the present invention, the 
current coupled through said ?rst switch is controlled so as 
not to exceed a predetermined maximum, such that a portion 
of the overvoltage level output by the recti?er circuit is 
dropped across said switch. 

An object of the present invention is, therefore, to provide 
a power converter that is protected from high transient input 
voltages. 

Another object of the present invention is to provide a 
transient voltage protection circuit that enables the periodic 
transfer of a controlled amount of energy from a recti?er 
circuit to a capacitor during the time a DC overvoltage is 
being output by the o recti?er circuit, whereby the energy 
stored in the capacitor is used by the DC-to-DC converter to 
enable continuous operation of the converter until the over 
voltage condition subsides. 
A further object of the present invention is to provide a 

switch that normally operates in a saturated condition with 
a small amount of quiescent power loss and which acts to 
periodically enter a current limit mode and then close to 
thereby meter the amount of energy coupled to the capacitor 
and DC‘to-DC converter when an overvoltage condition 
exists, while preventing excessive voltage from being 
coupled either across the switch or into the converter. 

Still another object of the present invention is to enable 
the transient voltage rating of the power converter to be 
increased without exceeding the operational limits of the 
converter and switch and without any signi?cant reduction 
in the power converter’s quiescent ei?ciency. 
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These and other objects of the present invention will 
become apparent to those skilled in the art from the follow 
ing detailed description of the invention and preferred 
embodiments, the accompanying drawings, and the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a preferred embodiment of 
an electrical power converter according to the present inven 
tion including a transient voltage protection circuit between 
the recti?er circuit and the DC-to-DC converter; 

FIG. 2 illustrates timing diagrams showing the operation 
of the converter shown in FIG. 1 during the occurrence of an 
overvoltage condition. 

FIG. 3 is a more detailed schematic diagram of a transient 
voltage protection circuit according to the present invention 
shown in FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

An electrical power converter according to the present 
invention is shown at 10 in FIG. 1. Power converter 10 
includes a recti?er means 12 for rectifying an AC line 
voltage and for outputting an unregulated voltage V UNR. The 
AC line voltage is input to recti?er means 12 on terminals 
14 and 16. The output unregulated DC voltage V UNR appears 
at terminals 18 and 20. The voltage of the AC line will vary 
according to local standards from anywhere between 85 
VRMS to 240 V RMS. In prior art power converters, the output 
of such a recti?er means 12 is coupled directly to a con 
ventional DC-to-DC converter 40 for converting the unregu 
lated DC output of recti?er 12 into one or more regulated 
output DC voltages, as needed. According to the present 
invention, a transient voltage protection circuit 30 is con 
nected between the output terminals 18 and 20 of recti?er 
means 12 and the input terminals 32 and 34 of DC-to-DC 
converter 40. As seen in FIG. 1, the output of converter 40 
is a regulated DC voltage Vo which is shown coupled to an 
exemplary variable load 42. 

Although a conventional recti?er circuit may be used for 
recti?er means 12, it is contemplated according to the 
present invention that a PFC circuit may also be used for 
providing the unregulated DC VUNR appearing across ter 
minals 18 and 20. 

Transient voltage protection circuit 30 includes a current 
detect means 50 and a switch and current limit means 52 
connected in series between the output terminal 20 of 
recti?er means 12 and the input terminal 34 of converter 40. 
Switch 52 is con?gured so as to normally be in a closed 
state. This creates a conductive path between output terminal 
20 of recti?er means 12 and input ternrinal 34 of converter 
40. Current limit means 52 causes the switch to limit the 
amount of current in this path to a predetermined maximum, 
irrespective of current demand in the converter 40 or in 
capacitor 54, as described in greater detail below. A key 
element of circuit 30 is capacitor 54 which is connected 
across input terminals 32 and 34 of converter 40. An 
overvoltage detect and hysteresis means 56 detects when the 
voltage across capacitor 54 exceeds a ?rst predetermined 
value and, in response thereto creates an inhibit signal (INH) 
which causes switch 52 to switch to a current limit state. In 
this state, a voltage of su?icient size exists across switch 52 
so as to limit the amount of overvoltage coupled to converter 
40 while maintaining the voltage across switch 52 below this 
component’s rated maximum. The hysteresis operation of 
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4 
the overvoltage detect and hysteresis means 56, described in 
detail below, operates to maintain the existence of the inhibit 
signal until the voltage across capacitor 54 drops below a 
second predetermined value. Once the inhibit signal is 
removed from switch 52, switch 52 is enabled to return to its 
normally closed state. 
A second capacitor 58 is connected across output termi 

nals 18 and 20 of recti?er means 12. Capacitor 58 functions 
to absorb any short duration transients that may be generated 
by the AC line and coupled to the transient voltage protec 
tion circuit 30. 

Note also that the transient voltage protection circuit 30 
will also protect against surges when the system is ?rst 
plugged into the AC line voltage. The combination of the 
current detect means 50 and switch 52 along with the 
overvoltage detect and hysteresis means 56 prevents high 
current and/or voltage from being coupled into DC-to-DC 
converter 40 at such a time. This is also identi?ed in the art 
as being a soft-start current limit means. Note also that the 
transient voltage protection circuit 30 will enable ongoing 
operation of converter 40 during a brownout condition when 

the input unregulated voltage VUNR falls below the mum voltage required by DC-to-DC converter 40. Although 

switch 52 remains closed, the energy stored on capacitor 54 
provides short term higher levels of DC voltage energy to 
DC-to-DC converter 40. In other words, for short duration 
brownout conditions, capacitor 54 contains su?icient energy 
so as to provide temporary maintenance of a higher voltage 
on the input terminals 32 and 34 of DC'to-DC converter 40, 
thereby preventing such short term brownout conditions 
from effecting the operation of DC-to-DC converter 40. 

Operation of the transient voltage protection circuit 30 
according to the present invention is best understood with 
reference to the timing diagrams shown in FIG. 2. As shown 
in FIG. 2, when an AC overvoltage condition occurs at input 
terminals 14 and 16 of recti?er means 12, e.g. an input 
overvoltage of 317 VRMS, the output voltage VUNR, shown 
at 100, rises from a normal 350 VDC level to an overvoltage 
DC level of 450 VDC. Typical durations for such potentially 
damaging overvoltage conditions can range up to 30 milli~ 
seconds or more before the voltage drops back to the 
expected 350 VDC range. The present invention operates to 
limit the voltage appearing at the input terminals 32 and 34 
of DC-to-DC converter 40 during this overvoltage condition 
interval. A timing diagram which illustrates the voltage 
variation of VIN, the voltage coupled to converter 40, is 
shown at 110 in FIG. 2. As seen, when VUNR passes through 
a predetermined voltage detection level, V DH, the overvolt 
age detect means 56 detects this condition and causes the 
inhibit signal INH to be generated. The INH signal causes 
switch 52 to enter a current limit state, thereby preventing 
the voltage V,” from exceeding a predetermined maximum 
at input terrrrinals 32 and 34. 

More speci?cally, in the time prior to the partial opening 
of switch 52, as can be seen in diagram 110, capacitor 54 is 
charged up to a higher voltage than normal, e.g., 380 volts, 
as a result of the rise in voltage of VUNR. Once switch 52 
enters a current limit state as a function of the inhibit signal, 
a signi?cant portion of the overvoltage is dropped across 
switch 52. Capacitor 54 thus functions to couple energy to 
the DC-to-DC converter 40, thereby enabling DC-to-DC 
converter 40 to continue to provide output voltage V0 
notwithstanding the fact that a portion of VUNR is dropped 
across switch 52. As seen in 110, as the energy stored in 
capacitor 54 is coupled to DC-to-DC converter 40, the 
voltage across capacitor 54 begins to drop. The overvoltage 
detect and hysteresis means 56 includes a hysteresis circuit 
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which detects when this voltage drop across capacitor 54 
goes below a predetermined lower voltage level. At this 
point, the inhibit signal is removed by hysteresis means 56 
and switch 52 is allowed to close and fully conduct, thereby 
again enabling the voltage VUNR to be coupled through 
switch 52 to capacitor 54 and input terminals 32 and 34. 
Current limit means 50 ensures that no excessive current is 
coupled during this time to capacitor 54 and DC-to-DC 
converter 40, thereby preventing any catastrophic damage to 
any of the components. 

At a ?xed later time, depending on the amount of current 
that is allowed to bleed through current limit means 50, the 
voltage across capacitor 54 again charges up to a point that 
the overvoltage detect and hysteresis means 56 detects the 
predetermined overvoltage level and regenerates the inhibit 
signal. This again causes switch 52 to enter a current limit 
state, and the above process is repeated. This periodic 
cycling of switch 52 and charging and discharging of 
capacitor 54 continues as long as the overvoltage condition 
also continues to exist. Once voltage V UNR drops below the 
predetermined overvoltage level after the overvoltage con 
dition has subsided, switch 52 is enabled to be maintained in 
its closed state, thereby providing normal coupling of the 
unregulated voltage VUNR to the input terminals 32 and 34 
of DC-to-DC converter 40. 

A more detailed schematic diagram of the transient volt 
age protection circuit 30 according to the present invention 
is shown in FIG. 3. Where possible, the same numbers as 
used in FIG. 1 for various components are also used in FIG. 
3. 

As seen in FIG. 3, switch 52 is a conventional MOSFET 
whose source and drain are coupled in series between output 
terminal 20 of recti?er means 12 and input terminal 34 of 
DC-to-DC converter 40. MOSFET 52 is chosen to have 
adequate transient power rating and normally will operate in 
a fully conducting saturated condition with a small amount 
of quiescent power loss resulting thereby. Transistor switch 
52 is normally maintained in a closed conductive state by 
means of series connected resistors 200 and 202 and zener 
diode 204. When a voltage V UNR is applied to terminals 18 
and 20, resistors 200 and 202 and zener diode 204 act to 
create a voltage on a node 206 of su?icient amplitude to 
maintain switch 52 is a conductive state during normal 
operation. 
The current limit means portion of switch 52 is designed 

to limit the amount of current coupled through switch 52 
from terminal 20 to capacitor 54 and converter 40. Current 
limit 50 includes a transistor 208 whose collector is con 
nected to node 206, the gate of transistor 52, and whose 
emitter is coupled through a resistor 210 to terminal 20 of 
recti?er means 12. The base of transistor 208 is coupled to 
node 212 via a resistor 214. A capacitor 218 is also con 
nected between the base of transistor 208 and terminal 20. 
A current detect resistor 216 comprises current detect means 
50, and is connected in series between terminal 20 of 
recti?er means 12 and transistor 52. The current through 
resistor 216 is made up of the charging current for capacitor 
54 and the DC current required by DC-to-DC converter 40. 

In operation, the output from the collector of transistor 
208 will control the gate to source voltage of transistor 52 
and therefore limit the current passing through transistor 52 
as a function of the current detected by resistor 216, which 
is in the form of a voltage drop detected by transistor 208. 
Resistor 214 and capacitor 218 act as a ?lter to remove the 
high frequency noise generated by the system. 
The overvoltage detect and hysteresis means 56 includes 

a voltage sensing chain comprising resistors 230, 232 and 
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6 
234 which provides a voltage input to a comparator 236 
whose other input is coupled to a 2.5 V reference. The output 
of comparator 236 feeds a second switch comprising a 
transistor 238. The function of comparator 236, the 2.5 V 
reference and transistor 238 is preferably provided by a 
standard TLA31 shunt regulator that is well known in the art 
and commercially available. 

In operation, when the voltage coupled to the input of 
comparator 236 by the voltage sensing chain comprising 
resistors 230, 232 and 234 exceeds the 2.5 V reference, 
su?icient current is generated by comparator 236 to switch 
transistor 238 on, which enables current to be coupled 
through an optical coupling diode 240 connected in series 
between an auxiliary voltage source, transistor 238 and 
terminal 34 of DC-to-DC converter 40. The input voltage to 
comparator 236 causes comparator 236 to turn transistor 238 
on when the voltage across terminals 32 and 34 exceeds a 
predetermined level, e.g. 380 V. 
The optical coupling diode 240 is optically coupled to a 

corresponding transistor 242 connected between the source 
and gate of transistor 52. According to the present invention, 
when current is conducted through diode 240, this causes 
transistor 242 to also be conductive and to remove the gate 
drive voltage from transistor 52. This causes transistor 52 to 
enter a current limit state for as long as the current flows 
through optical diode 240, and thus comprises the inhibit 
signal described above which is generated when an over~ 
voltage condition exists. 
The hysteresis function of the overvoltage detect and 

hysteresis means 56 is provided by transistor 250. When 
switch 238 turns on, this turns on transistor 250 via transistor 
252 which thereby supplies current through resistor 254 to 
change the bias point of node 256 at the input to comparator 
236. This results in the voltage needed to turn off comparator 
236 to be lower. Consequently, the voltage across capacitor 
54 must drop below this lower voltage value, e.g. 350 V, 
before comparator 236 will turn off thereby allowing the 
normal drive voltage for switch 52 to be resumed. 

The period for the recharging of capacitor 54 is deter 
mined from the maximum current through switch 52, the 
value of capacitor 54 and the current into the DC-to-DC 
converter. Thus, if the value of capacitor 54 is 330 micro 
farads, the difference between the maximum voltage and the 
hysteresis switch voltage is 380 minus 350 or 30 V and the 
current into the capacitor is 5 amps versus 1 amp for the 
DC-to-DC converter out of the total of 6 amps that is 
coupled through switch 52, this results in a ?gure of 2 
milliseconds for the charge time of capacitor 54. The dis 
charge time for capacitor 54 will be around 10 milliseconds 
with the same load conditions for the DC-to-DC converter 
40. 

While the invention has been described in connection 
with the illustrated embodiments, the present invention is 
not limited to the disclosed embodiments. The present 
invention encompasses modi?cations and equivalent 
arrangements within the scope of the appended claims. 
What is claimed is: 
1. In an electrical power converter having a recti?er 

means for converting an input AC voltage to an unregulated 
DC intermediate voltage, said intermediate voltage appear 
ing on ?rst and second output terminals of said recti?er 
means, and a DC-to-DC converter for converting said 
unregulated DC intermediate voltage into one or more 
regulated output DC voltages, including ?rst and second 
input terminals, a transient overvoltage protection circuit 
comprising: 
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a ?rst switch connected in series between one of said ?rst 
and second output terminals of said recti?er means and 
a corresponding one of said ?rst and second input 
terminals of said converter, said ?rst switch being in a 
normally closed state so as to create a conductive path 
between said respective output and input terminals; 

means for electrically coupling the other of said ?rst and 
second output terminals to the other of said ?rst and 
second input terminals; 

a capacitor connected between said ?rst and second input 
terminals of said converter; 

means for detecting when the voltage across said capaci~ 
tor exceeds a ?rst predetermined value and for causing 
said ?rst switch to switch to a current limit state in 
response thereto, wherein said current limit state com 
prises the periodic switching of said ?rst switch 
between a normally closed state and an open state, said 
?rst switch being caused to open when the voltage 
across said capacitor reaches said ?rst predetermined 
value and to close when the voltage across said capaci 
tor drops to a second predetermined value; and 

means for maintaining said ?rst switch in said current 
limit state until the voltage across said capacitor drops 
below said second predetermined value. 

2. The transient voltage protection circuit of claim 1 
wherein the rate of said periodic switching is a function of 
the rate at which said capacitor charges and discharges. 

3. The transient voltage protection circuit of claim 1 
wherein said means for detecting when the voltage across 
said capacitor exceeds said ?rst predetermined value com 
prises a voltage sensing chain including a plurality of 
resistors connected in parallel across said capacitor, a com 
parator, and a ?xed voltage reference, said comparator 
detecting when a bias voltage generated by said voltage 
sensing chain exceeds said voltage reference and for out 
putting a signal in response thereto, said means for causing 
said ?rst switch to switch to said current limit state com— 
prising a second switch, said second switch being in a 
normally open state and being responsive to the output 
signal of said comparator to switch to a closed state to cause 
said ?rst switch to switch to said current limit state. 

4. The transient voltage protection circuit of claim 3 
wherein said means for maintaining said ?rst switch in said 
current limit state comprises hysteresis means for causing 
said comparator to reduce the level of bias voltage coupled 
to said comparator, said comparator acting response thereto 
to continue to output a signal and maintain said second 
switch in said closed state until the capacitor voltage drops 
below said second predetermined value. 

5. The transient voltage protection circuit of claim 4 
wherein said ?rst switch comprises a ?rst transistor and a 
phototransistor, said ?rst transistor having a source terminal 
and a drain terminal coupled between said respective output 
and input terminals and having a gate terminal for control~ 
ling the amount of current passing therebetween, said pho 
totransistor coupled across said gate and source terminals, 
and further wherein said second switch comprises a second 
transistor, a photodiode, and an auxiliary voltage source for 
supplying power to said photodiode, wherein said second 
transistor generates a ground reference for said photodiode 
when said second switch closes, which in turn generates 
photons, said phototransistor being responsive to said pho 
tons to cause a short circuit across said gate and source 
terminals. 

6. The transient voltage protection circuit of claim 5 
wherein said hysteresis means comprises a third transistor 
responsive to said second transistor. 
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7. The transient voltage protection circuit of claim 1 

further comprising 
current detect means for detecting the amount of current 

being coupled from said recti?er means to said capaci 
tor; and 

a current limiting circuit for limiting the amount of 
current conducted by said ?rst switch as a function of 
the current detected by said current detect means. 

8. The transient voltage protection circuit of claim 7 
wherein said current detect means comprises a current limit 
resistor connected in series between said one of said ?rst and 
second output terminals of said recti?er means and said 
source terminal of said ?rst switch. 

9. The transient voltage protection circuit of claim 8 
wherein said current limiting circuit comprises a fourth 
transistor having a collector coupled to said gate terminal of 
said ?rst transistor, an emitter terminal coupled to said 
output terminal through a ?rst resistor, and a base terminal 
coupled to said source terminal of said ?rst transistor 
through a second resistor, wherein the output of said col— 
lector of said fourth transistor controls the voltage across 
said gate and source terminals of said ?rst transistor as a 
function of the voltage appearing across said current limit 
resistor, thereby limiting the amount of current passing 
through said ?rst transistor. 

10. The transient voltage protection circuit of claim 1 
further comprising a second capacitor connected across said 
?rst and second output terminals of said recti?er means for 
absorbing transient voltage surges generated by said recti?er 
means. 

11. In an electrical power converter having a recti?er 
means for converting an input AC voltage to a DC interme 
diate voltage, said intermediate voltage appearing on ?rst 
and second output terminals of said recti?er means, and a 
DC-to-DC converter for converting said unregulated DC 
intermediate voltage into one or more regulated output DC 
voltages, including ?rst and second input terminals, a tran 
sient overvoltage protection circuit comprising: 

a ?rst switch connected in series between one of said ?rst 
and second output terminals of said recti?er means and 
a corresponding one of said ?rst and second input 
terminals of said converter, said ?rst switch being in a 
normally closed state so as to create a conductive path 
between said respective output and input terminals; 

means for electrically coupling the other of said ?rst and 
second output terminals to the other of said ?rst and 
second input terminals; 

a capacitor connected between said ?rst and second input 
terminals of said converter; 

means for detecting when the voltage across said capaci 
tor exceeds a ?rst predetermined value; 

a second switch being in a normally opened state and 
being responsive to said means for detecting, said 
second switch being caused to close upon the detection 
of a voltage across said capacitor which exceeds said 
?rst predetermined value, the closure of said second 
switch causing said ?rst switch to switch to a current 
limit state wherein said ?rst switch opens and closes at 
a periodic rate wherein said periodic rate is a function 
of the rate at which said capacitor charges and dis 
charges; and 

means for maintaining said ?rst switch in said current 
limit state until the voltage across said capacitor drops 
below a second predetermined value. 

12. The transient voltage protection circuit of claim 11 
further comprising 
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current detect means for detecting the amount of current 
being coupled from said recti?er means to said capaci 
tor; and 

a current limiting circuit for limiting the amount of 
current conducted by said ?rst switch when in said 
current limit state as a function of the current detected 
by said current detect means. 

13. The transient voltage protection circuit of claim 11 
further comprising a second capacitor connected across said 
?rst and second output terminals of said recti?er means for 
absorbing transient voltage surges generated by said recti?er 
means. 

14. In an electrical power converter having a recti?er 
means for converting an input AC voltage to an intermediate 
DC voltage, said intermediate DC voltage appearing on ?rst 
and second output terminals of said recti?er means, and a 
DC-to-DC converter for converting said intermediate DC 
voltage into one or more regulated output DC voltages, 
including ?rst and second input terminals, a transient over 
voltage protection circuit comprising: 

a current limit means connected in series between said 
?rst output terminal of said recti?er means and said ?rst 
input terminal of said converter creating a conductive 
path between said respective output and input tenni 
nals, said current limit means being in a fully conduc 
tive state upon normal operation of said electrical 
power converter; 

means for electrically coupling said second output termi 
nal to said second input terminal; 

a capacitor connected between said ?rst and second input 
terminals of said converter; and 

overvoltage detection means for detecting when the volt— 
age across said capacitor exceeds a maximum voltage 
level, said current limit means being responsive thereto 
to switch to a partially conductive state to limit the 
amount of current in said conductive path to below a 
maximum current value, said current limit means 

20 

25 

30 

35 

10 
remaining in said partially conductive state until the 
voltage across said capacitor returns to a normal volt 
age level. 

15. The transient protection circuit of claim 14 wherein 
said current limit means periodically switches between a 
conducting mode and a non-conducting mode when in said 
partially conductive state wherein the rate at which said 
current limit means periodically switches is a function of the 
rate at which said capacitor charges to a ?rst predetermined 
voltage level and discharges to a second predetermined 
voltage level. 

16. The transient protection circuit of claim 14 further 
comprising: 

current detection means connected in series between said 
?rst output terminal of said recti?er means and said 
current limit means for detecting the amount of current 
provided by said recti?er, and 

current control means connected between said current 
detection means and said current limit means for con 
trolling the amount of current conducted in said con 
ductive path when said current limit means is in said 
fully conductive state or in said conducting mode of 
said partially conductive state, wherein the amount of 
current conducted in said conductive path is a function 
of the amount of current detected by said current 
detection means. 

17. The transient protection circuit of claim 16 wherein 
said current detection means comprises a resistor connected 
in series between said one of said ?rst and second output 
terminals of said recti?er means and said current limit 
means. 

18. The transient protection circuit of claim 14 further 
comprising a second capacitor connected between said ?rst 
and second output terminals of said recti?er for absorbing 
transient voltage surges generated by said recti?er means. 


